Interleukin-12 (IL-12) is a macrophage-derived cytokine that modulates T lymphocyte responses
Atopy, which is expressed clinically as asthma, atopic dermatitis or rhinoconjunctivitis, is characterized by a genetic predisposition to generate immunoglobulin E (IgE) antibody against common environmental allergens. Asthmatic patients often show increased levels of T helper type 2 (Th2)-related cytokines such as interleukin (IL)-4 and IL-5 and decreased levels of Th1-related cytokines such as IL-12 and interferon-gamma (IFN-␥) in stimulated peripheral blood mononuclear cells and bronchoalveolar lavage fluid. 1, 2 In addition, reduced levels of IL-12 could lead to aberrant Th-2-type responses in atopic subjects. 3 Thus, an imbalance in the Th1/Th2 response has been suggested as a cause of asthma and allergic diseases.
IL-12 plays a key role in the induction of Th-1 cytokine and an important role in the host defense against infectious pathogens. IL-12 deficiency is associated with recurrent episodes of pneumococcal pneumonia 4 and with disseminated Bacille Calmette-Guerin (BCG) and Salmonella diseases. 5 Epidemiologic studies have shown inverse relations between atopy and infectious diseases, which suggests that exposure to infectious pathogens such as Mycobacterium tuberculosis may reduce the risk of developing allergic diseases. 6, 7 Several polymorphisms in the IL12B gene have been identified, and a polymorphism in the 3ЈUTR of the IL12B gene was reported to control the level of mRNA expression and to be associated with the development of insulin-dependent diabetes mellitus in Caucasian families. 8 Cord blood from infants with atopic parents was found to be deficient in IFN-␥ production 9 attributable to impaired IL-12 responses. 10 These data imply that IL-12 production may be controlled genetically to some extent.
IL-12 is composed of two chains, a 35-kDa chain encoded by IL12A on human chromosome 3 and a 40-kDa chain encoded by IL12B on chromosome 5q31-q33. In a genome-wide screen of asthmatic families, we found strong evidence for linkage of marker D5S1352, located close to IL12B, to atopic asthma with a maximum lod score of 4.34. 11 This region was reported in an isolated Caucasian population to be associated with asthma. 12 Thus, IL12B is an excellent candidate gene for asthma. In this study, we screened for mutations in the 5Ј flanking and coding regions of the IL12B gene and genotyped members of families identified through children with asthma or allergic rhinitis.
Probands in the asthmatic families were asthmatic children who visited the Pediatric Allergy Clinic of the University Hospital of Tsukuba (Japan). A full verbal and written explanation of the study was given to all family members interviewed, and 144 families (476 individuals) gave informed consent and participated in the study. The mean age of the probands and their siblings was 10.6 years (range, 3 to 29 years); the mean age of the parents was 40 years (range, 26 to 72 years). Criteria in the recruitment of asthma are described previously. 11 Probands in the allergic rhinitis families were children with allergic rhinitis who were recruited from three elementary schools and a junior high school in Matsukawa, a farming community in central Japan where orchard grass pollens are thought to be a major cause of seasonal allergic rhinitis. Children with allergic rhinitis were identified through a questionnaire, and diagnosis was made by physicians. Other family members were contacted, and a total of 48 families (188 individuals) who gave informed consent participated in this study. The mean age of the probands and their siblings was 14.1 years (range, 6 to 29 years); the mean age of the parents was 46.0 years (35 to 59 years).
The diagnostic criteria for seasonal allergic rhinitis included: (1) report of hay fever or persistent nasal symptoms, (2) associated itching of eyes or nose, or watering or redness of the eyes, (3) symptoms occurring regularly only from April to August and diagnosed as seasonal allergic rhinitis by a physician. Other allergic symptoms such as asthma and atopic dermatitis were also evaluated by questionnaire and physical examination by participating physicians or pediatricians. Total serum IgE levels and specific IgE levels to orchard grass (OG) (OG-RAST) were determined with the Pharmacia CAP System (Uppsala, Sweden). To achieve homogeneity of the allergic rhinitis patients, we selected families having children with OG-RAST titers greater than 3.5 Ua/ml. This study was approved by the Committee of Ethics of the University of Tsukuba.
All exons and exon-intron junctions and 1939 bp of the 5Ј flanking region were amplified by PCR. Primers for all exons were designed according to the published sequence of the IL12B gene (GenBank accession number NM 002187, U89323 and AC011418). Forty-eight unrelated asthmatic subjects were screened by single-strand conformational polymorphism (SSCP) analysis for mutations in each exon and the 5Ј flanking region as described previously. 13 PCR products showing different SSCP patterns were subjected to sequence analysis. Sequencing was performed with a thermal cycle sequencing kit (US Biochemical, Cleveland, OH, USA) on an ABI PRISM 3100 DNA Sequencer (Perkin Elmer-Cetus, Oak Brook, IL, USA).
We identified four variants in IL12B; three were novel (-4475-4insG, Glu186Asp and Ser226Asn) and one was reported previously (1188A/C). Among these variants, -4475-4insG and Glu186Asp were rare, occurring in only one of 200 subjects for the -4475-4insG and in one of 100 subjects for the Glu186Asp. The other variants were polymorphisms. Significant linkage disequilibrium was observed between the Ser226Asn and 1188A/C polymorphisms (D = 0.015, DЈ = 0.81, P Ͻ 0.00001). The frequencies of the alleles in the parents were 0.04 for Asn226 and 0.5 for 1188C. Allele frequencies of the Ser226Asn or 1188A/C polymorphisms did not deviate from expected Hardy-Weinberg equilibrium (P Ͼ 0.1).
Mean total serum log[IgE] levels of parents with the Ser226/Ser226 and Ser226/Asn226 genotypes were 2.00 and 2.23, respectively, and the differences were not significant (ANOVA, P Ͼ 0.1). Mean total serum log[IgE] levels of parents with the 1188A/A, 1188A/C and 1188C/C genotypes were 1.99, 2.03 and 2.00, respectively, and no significant differences were observed between them (ANOVA, P Ͼ 0.1).
Results of the transmission disequilibirum test (TDT) in atopic families are shown in Table 1 . None of the Ser226/Asn226 and 1188A/C alleles were transmitted preferentially to asthma-affected or rhinitis-affected children (P Ͼ 0.1).
The Ser226Asn polymorphism is in linkage disequilibrium with a previously reported 3ЈUTR polymorphism.
14, 15 Huang et al 14 performed a mutation screen of the human IL12B gene in a Caucasian population, but they did not identify any polymorphisms that resulted in amino acid substitution. Therefore, the Ser226Asn polymorphism may be an Asian-or Japanese-specific variant. The Ser226Asn polymorphism was not associated with the development of asthma, allergic rhinitis or with total serum IgE levels in our present study, but it should be kept in mind that the Asn226 allele is relatively rare, with an allele frequency of only 4%. The detection power of the sample in the present study was 0.6 for atopic asthma if the relative risk for asthma in those persons carrying a putative risk allele is 2 compared with that in persons without the allele. Therefore, only the possibility that the Ser226Asn polymorphism plays a substantial role in the development of the atopic phenotypes examined herein can be excluded.
IL-12 and IL-13 have been proposed to play important roles in the Th-2 polarized immune response to inhaled allergens. IL-12 is a critical determinant of Th-1-mediated Genotypes were determined by PCR-restriction fragment length polymorphism method. Primer pairs 5Ј-ATCTTTCCTTATGGA GCACA-3Ј and 5Ј-CAGGCTAATTTCTGTCTTTG-3Ј for the 226Ser/Asn polymorphism and 5Ј-TGGATCAGGTCATAA-GAGTA-3Ј and 5Ј-TAAAGACACAACGGAATAGA-3Ј for the 1188A/C polymorphism were used for PCR amplification. Expected PCR product sizes for the 226Ser/Asn, and 1188A/C polymorphisms were 282 bp and 287 bp, respectively. immune responses, and IL-12 deficiency could lead to Th-2 polarization. 16 Morahan et al 8 showed that the 1188A/C polymorphism in the IL12B gene is associated significantly with the development of insulin-dependent diabetes mellitus and that expression of IL12B is significantly reduced in the 2/2 genotype cell line relative to the 1/1 line. These results lead us to speculate that the 1188A/C polymorphism might be related to the development of atopic diseases or total serum IgE levels. In the present study, however, the 1188A/C polymorphism was not associated with asthma, allergic rhinitis or total serum IgE levels. Because this polymorphism is common, the detection power of this study was greater than 0.99 if the relative risk for asthma in persons carrying a putative risk allele is 2 compared with that in persons without the allele. For total serum IgE level, the detection power was 0.99 if the difference between the mean total serum log[IgE] levels of subjects with 1188A/A and those with 1188C/C is 0.3. Therefore, the lack of association between the 1188A/C polymorphism and atopic asthma or total serum IgE is not due to the low detection power of this study, although a minor contribution by this polymorphism can not be excluded.
A significant difference in the frequencies of the 1188A/C alleles between African and Caucasian populations was reported. 15 In the present study, the frequency of 1188C in our Japanese parents was 0.5, which is much higher than the 0.165 value reported for British controls ( 2 = 142, P Ͻ 0.000001). No statistically significant difference was observed between the frequency reported for Cameroon controls and the frequency for the Japanese parents ( 2 = 2.4, P Ͼ 0.1). 15 We did not observe any association between the IL12B gene polymorphisms and atopic phenotypes in the Japanese families identified through asthmatics children or children with allergic rhinitis. However, these polymorphisms may influence the development of other immune or infectious diseases because of the biological importance of IL-12. Further studies of different populations are needed to elucidate the role of the IL12B gene polymorphisms in the development of immunemediated diseases.
